Model BR/R. A Brownian Ratchet after catalysis, rectified by product release
The scheme for this model is described by 
Model PS/B. A Power Stroke, simultaneous with nucleotide binding
The cycle in this case is described by: All the expressions calculated above are summarized in Supplementary Table 4 .
Calculation of pause probability and pause density
We define g as the probability, per cycle, to enter a pause from state . and under the assumptions that 2 is the rate limiting step, as before, 
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Model PS/R. A Power Stroke, simultaneous with product release
All the calculated PDs are summarized in Supplementary Table 5 .
Calculation of Popen
As was shown in the previous section, the different models exhibit different dependencies on '()" , both for the MM parameters and for the PD. Since '()" is expected to depend on the applied force, the sequence and, possibly, some degree of destabilization provided by the enzyme, the next step in order to describe force dependence of the velocity is to calculate '()" .
A thermodynamic calculation of '()" should take into account the fact that, in our setup, the distance between the traps, p , is the externally controlled parameter, and that all other parameters (the tension on the tether, its total extension and the extension of each of its components) are, in equilibrium, fluctuating variables (this has been called(4, 5) the "mixed---ensemble"). Our experimental setup is composed of several compliant elements, or "springs", in series: A bead in the harmonic potential of the fixed trap, a dsDNA handle, the ssDNA that was "released" from previous rounds of polymerization, the dsDNA that was polymerized in the previous rounds, a second dsDNA handle, and a bead in the harmonic potential of the steerable trap. We can simplify this picture by collecting together similar term to result in an effective model composed of a single, effective trapping potential with stiffness %t<(
and % v are the measured spring---constant for the two traps), a ssDNA portion of length and a dsDNA portion of length y + , which are connected to a hairpin with size yE − . Here, is the number of bps that were unwound and polymerized in previous rounds, y is the length (number of bps) of the dsDNA handle, and yE the total number of bps in the hairpin, before polymerization.
For a given and , we assume the system is in contact, and in equilibrium, with the thermal bath, and therefore will explore different ---states (i. Following is the calculation of each of these terms. 
Calculation of

Calculation of ∆
. We wish to calculate the free energy difference between state , with bps open, and the closed state, = 0, i.e. ∆ˆ= − (0). We use the fact that the distance between the traps, and therefore the sum of all the contributions to the extension, is constant. Hence, for the closed state (k=0) we can express the distance between the traps as:
where -n is the rise per bp for dsDNA, and nn the rise per base for ssDNA. -n (F) and nn ( ) represent the ratio of the extension of the polymer to its contour length, i.e. they are the inverse of the thermodynamic force---extension curves that characterize dsDNA and ssDNA, ( nn and nn , respectively). In our experiment, these are an Extensible Worm Like Chain for dsDNA, and Worm Like Chain for ssDNA, with experimentally determined parameters.
If bps open, 2 nts of ssDNA are added to the total extension and, in addition, the force on the tether is no longer , but + ∆ ( ; , ). The distance between the traps, however, remains the same. Hence,
Since the two extensions calculated must be equal, these equations uniquely determine ∆ ; , (Supplementary Fig. 1a ).
Once ∆ ( ; , ) is known, we can calculate, for each of the "springs" in series, its ---dependent extension, and then its contribution to the free energy change. The differences in free energy can be written as:
where ∆ % is the work done by the movement of the beads in the traps, ∆ -is the work of changing the stretching of the dsDNA (handles + previously polymerized), ∆ n-the work of changing the stretching of the previously release ssDNA, and ∆ no is the work performed to stretch the newly release ssDNA from zero force to the final force. I.e., 
